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sometimes becomes necessary to line the bottom and to some extent
the sides of the tunnel with cement or mortar to make it water tight.
Failure to observe such precautions may result in serious consequences.

Shale

Shales are compacted clays, muds, or silts that possess a finely strati-
fied or laminated structure (Plate XI, Fig. 2). The structure is true
stratification or bedding which has resulted from deposition of the
finely-divided material in water. Because of being composed of the
finest particles of land waste they are capable of being split into very
thin leaves; and for the same reason the component minerals of shales
cannot be determined with the unaided eye.

Shales exhibit a great variety of colors, gray, buff, yellow, red, brown,
purple, and green to black, being frequently observed. They are
usually soft and brittle rocks, which crumble readily under the hammer.
They may grade into clays on the one hand, and into fine-grained sand-
stones when siliceous, into thin-bedded limestones when calcareous,
into some kinds of coal when carbonaceous, etc., on the other. When
metamorphosed they may pass into slates and schists.

Many varieties of shales are recognized, the distinction being founded
chiefly on composition. Thus, we may have argillaceous or day (alu-
minous) shales, arenaceous, sandy, or siliceous shales, calcareous shales,
ferruginous shales, carbonaceous or bituminous shales, etc.

According to Clarke, shale is the most abundant of the three prin-
cipal kinds of sedimentary rocks, their values being rated as follows:
Shales 80 per cent, sandstones 15 per cent, and limestones 5 per
cent.

Shales are not as strong as sandstones or hard limestones, and for
this reason, if unsupported or enclosed, they yield to the pressure of
overlying rocks. This is occasionally noticed in coal mines, where
after the removal of the coal the shale rock of the floor and roof some-
times squeeze together. For the same reasons, shale rocks which
have been crushed and fractured by earth movements may yield to
the pressure of the surrounding rocks, so that the fractures become healed
or closed up, and there is less chance for the circulation of underground
waters. This fact must be considered in the construction of aque-
duct tunnels to avoid danger from leakage.

Shales, because of their thinly-bedded character, sometimes cause
trouble in tunneling, the material becoming dislodged quite easily.

They are of no value as building stone, but often find extended use